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Abstract 
The objective of this research is to identify the common characteristics of the existing magnetocaloric refrigerants working both 
on cryogenic and cooling temperature levels and the development of the magnetocaloric cooling systems classification on the 
basis of the found characteristics. In this paper the structural analysis of the above mentioned characteristics was carried out, the 
advantages and disadvantages of different engineering solutions were identified. The obtained classification allows to choose the 
scheme of the magnetocaloric refrigerant taking into account the specified requirements. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
Nowadays there are about 30 magnetic (magnetocaloric) refrigerants operating near room temperature [1]. The 
selection of the optimized configuration for the magnetocaloric refrigerant (MCR) is the guarantee to its efficiency. 
In order to determine the similarities and differences of MCR it is necessary to carry out the systematization of the 
magnetocaloric refrigerants [2].  
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2. Study subject (Model, Process, Device, Synthesis, Experimental procedure, etc.) 
The study subject of this research is the magnetocaloric cooling systems. The scope of research is determination 
and identification of the magnetocaloric refrigerants common characteristics. In order to systematize the MCR the 
following characteristics that are common for every magnetocaloric refrigerant were revealed and used: 
x the thermodynamic cycles performed in the working body; 
x the ways of organization of the heat flow transfer from the heat sink to the working body and from the working 
body to the hot body; 
x  the used materials of the working body are in the solid state and have a magnetic phase transition of the first or 
the second kind; 
x  the ways of generating of the cyclically varying magnetic field. 
All these mentioned characteristics are taken as a basis for the magnetocaloric refrigerants classification 
represented in Figure 2. 
3. Methods 
The analysis of the magnetocaloric refrigerants, the revealing of the MCR common characteristics are the main 
research methods of this paper, moreover, the differences of the MCR characteristics are identified. 
Let us deal with every characteristic in detail: 
1) Thermodynamic cycles. The reverse Carnot, Bryton, Ericsson cycles are the most widely used in magnetic 
cooling [3]. The cycles can be implemented with the process of heat recovery as well as without it. The cycles 
without heat recovery have a small temperature difference ∆Тмc= 7…10 К (if the magnetic field changes ∆В=5 Т), 
resulting from the magnetocaloric effect of the working material (in order to increase the temperature difference the 
cascade is required in such cases). The cycles with the heat recovery process require the applying of the body (heat 
regenerator) accumulating heat in one phase of the cycle and returning heat in another phase of the cycle, the 
temperature difference in such cycles can reach the values of ∆Т=25…50 К and more (if the magnetic field changes 
∆В=5 Т). Typically the heat exchange between the working body and the coolant performs the function of such 
regenerator in MCR and the regenerator is regarded as active. 
2) The ways of the heat transfer organization. The procedure of the heat flow transfer from the heat sink to the 
working body and from the working body to the hot body is carried out by means of the coolant, the coolant flowing 
can be realized in two different ways, that is the reverse flowing and the direct one (Fig. 1). 
x Under the reverse flowing of the coolant the working body transfer is not required, the flowing can be realized by 
various means, for example, with the help of a displacement piston with reciprocating motion synchronized with 
the change of the working body magnetic field. 
x The direct flowing of the coolant through the working body. Since in the solid working body the complete 
sequence of the cycle processes is carried out, the stationary flowing of the coolant is not appropriate and the 
intermittent heat exchange is required which is achieved by means of  the mechanical displacement of the 
working body (magnetic rotor spinning).  
The advantage of the reverse flowing is a larger temperature difference during the regeneration process compared 
with the direct flowing, whilst the advantage of the direct flowing is higher cold efficiency values compared with the 
reverse flowing. 
 
 
 
 
 
 
 
 
 
 
230   I.V. Mayankov and V.I Karagusov  /  Procedia Engineering  113 ( 2015 )  228 – 232 
a                                                                                                     b 
 
 
Fig. 1. The ways of the heat transfer organization: a) reverse flowing of the coolant; b) the direct flowing of the coolant. 
3) The materials of the working body. This part of the paper deals with the materials used as the working bodies 
near room temperature. The magnitude of the magnetocaloric effect (MCE) and, therefore, the cooling process 
effectiveness in the magnetic refrigerant is determined by the properties of the magnetic working bodies near Curie 
temperature (Тс) and Neel temperature (TN) - the adiabatic temperature difference (ΔТm) and the isothermal 
difference of the magnetic entropy (Δsm) if the magnetic field changes. The materials with the maximum values of 
οࢀ࢓ and ο࢙࢓ at the magnetic induction changes up to 2 Т are represented in Table 1.  
Until 1997 the gadolinium was the only working body that could be used in magnetic refrigerants. Later the 
group of scientists headed by Gschneidner discovered MCE in the compound Gd5Si2Ge2 [4] with a greater value 
than in Gd [5]. Since then the quantity of the materials investigations greatly increased and nowadays there are more 
than 200 materials suitable for using in magnetic refrigerants, some of which are significantly cheaper than 
gadolinium. Thus, the possibility of more effective and cheaper cooling systems development became possible. The 
materials with the maximum values of MCE are presented in Table 1 if the magnetic field changes from 0 to 2 T. 
           Table 1. The magnetic properties of materials. 
The material The Curie  
temperature 
Δsm, J/kg·К 
0-2 Т 
ΔТm К Ref. 
Gd5Si2Ge2 278 14 7.3 (0-2) [4] 
MnFeP0.45As0.55 306 15 4 (0-1.45) [5] 
Mn1.1Fe0.9P0.47As0.53 282 25.5 4.2 (0-1.45) [5] 
Gd 294 5 5.7 (0-2) [5] 
La(Fe0.89Si0.11)13 291 24 6.9 (0-2) [6] 
MnAs 318 31 4.7 (0-2) [7] 
 
Table 1 shows that the La(FeХSi1-Х)13 - based compounds are the most advantageous alternative, however, in spite 
of the good magnetic properties this compound has a significant deficiency - it is a sophisticated production process 
by the arc melting in the argon atmosphere followed by a 10-day heat treatment in vacuum at the temperature of 
1323 К. Furthermore, there is no point to forget about the other compounds represented in Table 1. Specifically to 
compare the effectiveness of the previously developed equipment, gadolinium can be used because the greater part 
of the equipment use  this chemical element as the working body. 
The ways of the cyclically varying magnetic field generating.  
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The ways of the cyclically varying magnetic field generating could be represented as follows: 
 the amperage change in electromagnets in which it is possible to control the generated magnetic field by means 
of the current flowing in the windings. The disadvantages of such systems are large external dimensions of the 
magnets, their weight, the necessity of external energy source and high energy consumption. If superconducting 
materials are used as conductors, it is possible to obtain high values of the magnetic induction, but it will be 
necessary to cool the winding to the temperature lower than the conductor - superconductor phase change which is 
an energy-consuming process.  
the relative movement of the magnets with the constant intensity, both uncontrolled electromagnets and 
permanent magnets can be relevant for this particular case. The disadvantage of such control method is the necessity 
of the driving system installing  for the magnets movement. 
Nowadays the applying of the magnetic systems based on the permanent magnets is the most promising, the 
operating principle for such systems was put forward by Halbach. The generating of the magnetic field up to 5 T 
became possible near room temperature with the help of the above mentioned magnetic systems. 
4. Results and discussion 
As a result of this study the classification of magnetocaloric refrigerants is represented. The characteristics and 
particularities of MCR are described. 
 
 
 
Fig. 2. The classification of the magnetocaloric refrigerants working near room temperature. 
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5. Conclusion 
In this study the existing magnetocaloric cooling systems were structured and arranged. The main characteristics 
of MCR, their advantages and disadvantages were considered and described.  Thus for example it is obvious from 
the obtained classification that the optimal scheme of the magnetocaloric refrigerant development working near 
room temperature will be as follows: the cycle carried out by the magnetocaloric refrigerant must be implemented 
along with the regeneration processes, which should increase the operational temperature range at a low MCE 
because of the low magnetic induction (1,5…2 Т) obtained by means of the magnetic system with permanent 
magnets. The choice of the magnetic system using permanent magnets is determined by the necessity of low energy 
consumption to change the magnetic field in the system. In order to implement the regeneration processes it is 
necessary to organize the reverse flowing of the coolant. 
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